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The paper argues that the concept and practice of sustainability have proved too difficult to achieve within traditional water management, and there is a lack of political will to move towards truly sustainable water services. Instead, compromised concepts, including resistance, resilience, ecosystem services, natural capital and adaptation are defining approaches; each of which may contribute partially to sustainability. Pressures due to the changing climate, ecological degradation, human demands, urbanization and deteriorating assets are challenging sustainability and compelling changes to water management. Water is now seen less as a problem to be managed than as an opportunity, as wherever situated, water brings many opportunities to contribute to anthropogenic needs. New ideas are helping to frame the way in which water management is being approached: (i) waste is no longer waste, but a potential resource within a circular economy; (ii) the interconnectedness of infrastructure systems and services and circularity of the water cycle mean there is a need to integrate approaches; (iii) naturebased systems should be preferenced for water infrastructure. These issues and ideas are considered here, together with examples of schemes showing that managing flooding can lead to wider benefits, and potential longer-term sustainability.
This article is part of the theme issue 'Urban flood resilience'.
Traditional water management
Traditional water and wastewater management using what is now termed grey infrastructure has provided safe, healthy and, of limited risk, water supplies, sanitation and flood management for more than a century in the UK and much of the world [13] . Many experts responsible for delivery of these water management systems believe that they are the only safe and effective way of maintaining public health, safety and utility at low risk [23] , and many believe them to be a sustainable option (e.g. [25] ). Sustainability is an elusive and contested term. Assessing what is, or is not, sustainable requires consideration of whether or not an option complies with principles of sustainability, such as those defined by the Natural Step [26] . Typically sustainability is considered to require some balance between environment, society and economy (e.g. [27] ) and to be cognizant of future generations, as expressed by the Welsh Government (e.g. [28] ). Here, we take it to mean an approach that seeks to: (i) minimize environmental impacts (reduce resource use and pollution, but support ecosystems); (ii) provide the greatest benefit to society (addressing human needs equitably and proportionately) and (iii) balance costs and benefits (not disproportionately benefit or disadvantage any members of society) over the longer term. It is only possible to assess the relative sustainability of one option or system against another, either better or worse [26] . Comparisons are made using criteria and indicators (e.g. [26, 29, 30] ). Hence in certain circumstances, a grey infrastructure option may be more sustainable than an alternative. For a proper comparison, detailed analyses are required of the performance of each option in regard to (i)-(iii) above using e.g. life cycle analysis (LCA) and other methods. Resilience is a component of sustainability, although not always recognized as such. A detailed discussion on resilience and sustainability may be found elsewhere (e.g. [31, 32] 1 . Diagrammatic illustration of traditional water supply with storm and wastewater to a combined sewer system (SSO, storm sewer overflow; CSO, combined sewer overflow; adapted from [34] ). (Online version in colour.)
Flooding is part of the water cycle, if defined as water covering an area that is normally dry. It is only a problem when it significantly impacts human endeavours or irrecoverably damages environmental systems. In many countries, human sensitivities are not to want to see water in places even where this causes minor inconvenience, such as large puddles on streets [33] . Similarly, water supplies are only rarely threatened, and public inconvenience is limited to occasional restrictions on use, which is often perceived to be unacceptable; i.e. society wishes for a risk-free environment when it comes to water systems.
The traditional arrangements for water management are illustrated diagrammatically in figure 1 [34] , illustrating the urban drainage domain, where 'excess' rainfall is 'drained' into rivers. In urban areas runoff is drained into a centralized network of stormwater pipes or culverts; thence conveyed to safe outlets. Usually, the 'wastewater' arising from the used water supplied from centralized sources requires a separate network of pipes (sanitary system) for conveyance to treatment plants. In much of Europe and the UK, the two storm and sanitary pipe systems are combined and stormwater mixes with wastewater, requiring relief when flows exceed the pipe conveyance capacity through combined sewer overflows into water bodies (figure 1). The wastewater that discharges from overflows is polluting [35] , and the stormwater, even in separate pipes, also conveys a variety of heavy metals, hydrocarbons and other pollutants into water bodies, termed diffuse pollution [36] . Traditional responses to the problems that these arrangements bring are to add capacity to the piped networks to prevent overflows and reduce pollution from urban runoff. This is the principle for the new Thames Tideway Tunnel now under construction in London [25, 37] ; i.e. deal with the symptom as a problem, rather than using the opportunities the drivers (rainfall) provide.
Traditional water systems are 'expert-led' in delivery and operation. Water utilities, employing engineers and others, design and operate the centralized systems outlined above, often separating the water resource functions from the drainage functions. Interactions with urban spaces, land use planning and managing the impacts on land use in urban areas are usually included only via the formal planning system. In the UK, the National Planning Policy Framework (NPPF, [38] ) is administered by Local Planning Authorities (LPAs), who work with drainage teams to ensure that the planned developments are compliant. Local urban planners will ensure that water management in developments contributes where possible to the local environment and quality of life (place-making in the public realm) [10] . Centralization and below-ground piped systems for storm and sanitary flow controls bring no other societal or environmental benefits, despite the aim in the NPPF to 'contribute to the achievement of sustainable development' as part of a tripartite vision comprising: economic, social and environmental objectives [38] . The traditional approach to water management for developments has been to plan developments for their primary function (housing, etc.), then to consider how best to provide the infrastructure and utilities. This invariably presumes that water management can be fitted-in as one of the last considerations. This means that flexibility of form and layout of water supply and drainage are constrained by the already designed roads and buildings.
In industrialized countries like the UK, there are extensive existing water assets [39] . However, many countries in Europe face a massive challenge in ensuring existing infrastructure not only delivers expected (increasing) levels of service but can also cope with future additional demands [39] .
Investments are recommended as some 2% of the replacement value of the existing assets per annum, but only one country, Slovakia, are achieving this [40] . For example, at current rates of expenditure, UK sewer collapses and blockages are predicted to increase by 6% by 2050, and a sixfold increase in sewer asset maintenance expenditure is needed to offset this [41] . This need to address the crisis of deteriorating assets provides a timely opportunity to consider different ways of managing water services ( §3). Yet, moving to water management systems that are likely to be more sustainable is not straightforward, given that the existing assets cannot be abandoned, even if much of the existing system is not being adequately maintained [39] . Change is also restrained by the 'lock-in' to both the existence of large scale valuable assets for delivering and draining water and also by a locked-in attitude on the part of risk-averse developers and professionals.
Urban flood risk in a new vision for water management
More value can be achieved from water management than is possible under the traditional approach outlined above. At the same time, the negative impacts of the traditional approach can be reduced. Ainger & Fenner [29] set out a practical roadmap for planning water management systems that will contribute to sustainability based on a number of principles for practice. These encompass consideration of all of environmental, socio-economic, intergenerational and complexity principles, without preferencing one or other of these (see §2). The various outputs from the Australian Water Sensitive Cities (WSC) programme demonstrate clearly the need to challenge the prevailing traditional water management culture [21, 42] as potentially unaffordable (e.g. [14] ) and also wasteful of opportunity [15, 37] . It has also demonstrated that there is no single water management system that is invariably the most sustainable. Each situation needs to be considered individually and in context, especially as few schemes require completely new systems, as they are add-ons to existing water assets and need to work in conjunction with these.
The main alternative to the traditional centralized water and wastewater system comprises so-called decentralized provision, with various optional components. In some cases, a mixture of centralized large and local small-scale water and wastewater measures would be appropriate. Whereas in other contexts, it may be possible to use entirely local decentralized systems, as illustrated in figure 2 [43] (illustrating the water resource domain). However, an integrated water cycle approach is essential at either large scale (centralized) or local (decentralized) [44] , as illustrated in figure 2 .
Examples of plans to maximize resource recovery from wastewater flows, and to ensure that an integrated approach to the water cycle is taken, can be found in [45] and [46] , respectively. For wastewater flows, there are numerous examples where LCA and multi-criteria approaches have been used to demonstrate the relative sustainability of resource recovery or reuse (e.g. [47] ). Increasingly studies are placing the consideration of alternative systems into a circular economy perspective, where waste is now re-badged as a resource [45, 48] . Here, we focus on the new vision that has emerged for the storm or surface water management aspects of urban water systems. Figure 2 . Diagrammatic illustration of a decentralized water system-in this case all of the rainfall is used locally (adapted from [43] Although set within an integrated view across the entire water cycle, the discussion here shows how the new vision is influencing urban flood risk management. Figure 3 illustrates diagrammatically four domains (1-4) of water management in urban areas [50] . This builds on ideas from ( [49] , and recently [51] ) about how rainfall should be managed for maximum benefit in urban areas. The boundaries between the domains are not fixed as they are dependent on local circumstances. The figure represents the smallest to the largest rainfall events and their potential impacts. Using the diagram, it is instructive to illustrate how the value from surface water drainage can be maximized, i.e. by providing multiple functions. In Domain 1, the smaller rainfall events occur frequently and provide the main water resources, but the most frequent runoff and hence polluting potential of water bodies. In this domain, urban planning traditionally aims to minimize any adverse impacts while ensuring that water resources are maintained and water contributes to the quality of places. This commonly occurring rainfall of low intensity and volume is handled routinely and hazards are rare (occasional puddles on roads), provided systems are maintained. Here, especially there are opportunities to use and maintain blue-green infrastructure (BGI). Figure 2 illustrates an example of a water system in this domain.
In Domain 2 (figure 3), the professional practice has traditionally used 'design rainfall' events of various critical duration and intensity to design drainage systems, as set out in standards or codes of practice, based on engineering practice rather than landscape design. Standards and performance expectations are delivered through mainly technical means. Here, provided that the formal drainage systems are maintained adequately, there will be no hazards other than those pre-defined and acceptable. Figure 1 illustrates the typical system in this domain. For rainfall greater than in the first two domains, 'flooding' occurs. In Domain 3, between high impact flooding and designed for standards (not defined in [49] ), if urban spaces are designed and planned in an integrated way (e.g. kerb heights), the low-level flood water can be routed safely to minimize impacts in exceedance pathways and areas, potentially causing only minor inconvenience. Domain 4 relates to urban resilience and spatial planning, where extreme flow events have to be managed by parts of the urban system other than the formal drainage systems; e.g. by the provision of preferred floodable areas. This is where flooding is extensive and has to be managed by emergency measures, and urban spaces should be planned to facilitate evacuation or provide places of safety.
The new vision sees the drivers and consequences corresponding to each of these domains as potentially providing value as summarized in table 1. Resilient systems will be able to function across all of the domains and return to 'normal' functioning with minimum long-lasting impact, albeit potentially in a different 'normal' state after a Domain 4 event. In recognizing this spread of drivers and impacts, there is a need for all players to work together better and to recognize the interactive and interdependent aspects of managing water in the various domains [49] . Case studies in §4 illustrate the maximization of value from using nature-based options in Domains 1 and 2, although the Dordrecht case study ( §4a) is set within the broader context of risks from events in Domain 4.
Getting benefits for drivers and events in Domain 4 can only be achieved from significant postevent recovery or rebuilding to more resistant and resilient standards, which may potentially be more sustainable in terms of security from flooding. A major event would provide the opportunity to build differently, and build in greater adaptability. For example, floating houses in the Netherlands are designed to cope with Domain 4 events, in effect shifting the impacts into Domain 3 [52] . The key to maximizing value from drivers such as urban rainfall events in Domains 1-3 in figure 3 is to integrate land use planning, urban design and landscape design with water management, using as far as practicable, more natural systems rather than piped, buried systems as these are more resilient than grey infrastructure [53] . The alternatives to piped systems are variously termed, but include nature-based solutions (NBS), BGI and sustainable drainage systems (SuDS) in England and Wales (Sustainable Urban Drainage Systems, SUDS in Scotland), although other terms are used elsewhere in the world [53, 54] . BGI bring a myriad of potential benefits to urban spaces and living [54, 55] , adding to resilience, and include Natural Flood Management (NFM) as well as SuDS in the UK. In practice, combinations of BGI and grey systems are usually required in urban areas (termed 'hybrid' in [53] ), with the optimum mix dependent on local circumstances [51, 55, 56] and scale, although BGI may not be sufficient alone to deal with the first three domains in figure 3. For example, [51] show that removing surface water by rainwater harvesting is an essential component of managing flood risks in Copenhagen.
Taking a wider catchment perspective that may include the rural upstream areas of an impacted urban area, NBS or NFM measures are increasingly being used to slow or reduce the flow, often benefiting downstream urban areas [53, 57] . NFM may also be used in urban areas where there is existing green space as illustrated in the second case study in §4b. Each of these approaches brings multiple benefits over and above simply managing the water. Multi-functional and multi-value systems are now being built and operated in many urban areas, although not necessarily to maximize value (e.g. [58] ). The added value is often simply a by-product of the primary (flood management) function [15] . How best to integrate systems for flood management and other purposes is still under development, as it is a complex, multi-criteria problem [59] . Typically locally focused schemes are being built, such as those outlined in §4. Assessment of the relative sustainability of the options for managing urban drainage, which compare the traditional approach ( §2) with the new vision BGI, is beginning to emerge, notwithstanding the contested nature of the concepts outlined in §2. As a minimum, these need to compare the suite of environmental, social and economic impacts of one option with another [30] . This comparison is complicated by a number of factors: (i) the design standards and performance of the various systems differ, as most grey infrastructure provides only a single function compared with BGI's multiple functioning; (ii) BGI typically take up land space as these are mainly surface-based systems, unlike buried piped systems, and hence may represent a more significant opportunity-loss; (iii) there is a lack of experience with BGI systems compared with traditional systems, especially for long-term functioning and maintenance needs, and cost data are often uncertain; (iv) there is a lack of clarity about responsibilities in the longer term, especially for BGI; (v) databases for Life Cycle Assessment (LCA) are well developed for grey infrastructure systems but not for BGI, and the functional units used for the assessments will also differ [47] ; (vi) there are no standard metrics for assessing the various aspects and value of the multi-functions of BGI systems. These and other factors make the direct comparison of the relative sustainability of a grey infrastructure option with a BGI option problematic. Because of this, there are very few comprehensive comparative assessments, most are for one or more criteria, and not for all of the dimensions of sustainability.
Invariably the partial sustainability analyses that have been completed show that grey infrastructure systems are less sustainable than the BGI alternatives (e.g. [47] ). This is for various reasons related to environmental impacts in terms of pollution or resource depletion. The differences in economic and social impacts of grey versus BGI are less clear. Grey infrastructure is often cheaper, especially where this is retrofit, although the BGI options will deliver more benefits, and stakeholder receptivity and willingness to accept and pay for BGI will depend on local context and culture. The third case example in §4c illustrates this.
The complexity and difficulty of detailed sustainability assessment, requiring significant resources in the application, has devalued the approach in the views of decision-makers. Taken together with the current climate of materialism, or financialization [37] , the 'economic' leg of sustainability assessment dominates environment and society [60] . Paying scant regard to other factors, decision-makers typically preference the single bottom line of financial cost, despite standards, policies and guidance supposedly aimed at attaining sustainability or development that is sustainable (e.g. NPPF, [38] ).
The emergence of the concept of ecosystem services (the value that humanity derives from ecosystems) and the assignment of value to these services as derived from the Millennium Ecosystem Assessment [61] has provided the means to financially value nature from an anthropocentric perspective. More recently, natural capital has broadened the perspective to include all 'natural systems' [62] . The latter, and many others, claim that BGI is now being promoted as a sustainable approach to mitigate and adapt to flood risk. Once again, there is scant evidence that BGI approaches are necessarily any more or less sustainable than grey infrastructure, rather it is a presumption.
The economization of nature has led to a profusion of tools that value variously the multiple benefits of ecosystem services, green infrastructure (some include blue), SuDS, NFM and other flood risk management approaches. For a UK review of available tools that analyse the environment, see [63] . In §4, we focus on two examples of such tools, the Dutch TEEB.stad tool [64] and the UK B£ST (Benefits Tool) [65] . The latter is one of the standard UK valuation tools being used to estimate the monetary benefits of using BGI, including NFM for surface water management. These, and other tools, use ecosystem services, together with aspects of social impact assessment, to value potential water management or BGI options. Details of B£ST and the uncertainties in the benefits assessment are given elsewhere [66, 67] . The three case studies are for: a park in Dordrecht in the Netherlands; an NFM scheme in Greenwich in London, UK and; a sewer overflow remediation project in Leeds in Yorkshire, UK.
The new vision in action
During this millennium, the drivers outlined in §1 [31] have provoked action to develop new understanding and approaches to managing this risk. Research programmes in the UK and elsewhere (e.g. [68] ) have led to partnerships and groups developing the tools to support the change in vision and approaches described above. These mainly aim at providing the means to (i) mitigate; (ii) create resistance and resilience; (iii) adapt to the risks of flooding [69] . Delivering multi-functionality and multiple benefits is now built-in to many approaches. For example, using ecosystem services and biodiversity to support adaptation strategies in municipalities where these are embedded in urban planning strategies [70] .
There are numerous examples of how the new vision is informing approaches and practical measures for flood risk management that are also delivering many other benefits (e.g. [58] ). This paper focuses on the change in approach from problem to opportunity and on the monetization of the multiple benefits from using BGI, and hence using the evidence as part of the case for increasing the use of BGI as a more sustainable option for how water is managed. This is despite the monetary evidence only providing one component of the three legs of sustainability assessment ( §2). Three examples of using BGI for water management are summarized here to illustrate how: (i) a resilient local water management approach is leading to community revitalization and multiple benefits in the City of Dordrecht, Netherlands, as part of a much bigger comprehensive strategy; (ii) a small-scale local urban flooding problem in South East London that can be tackled using NFM techniques and also brings multiple added benefits; (iii) SuDS used to deal with a water quality problem in Leeds in Northern England that can provide multiple benefits, which are primarily non-water related. For each case, the economic valuation tools above have been used to determine the monetary value of the scheme benefits. Further detail is provided in the electronic supplementary material to this paper.
(a) Dordrecht, Netherlands
The island of Dordrecht has been in the vanguard of developing practical approaches to resilient flood management, with a combination of spatial urban planning, adaptation of the existing buildings, preparedness for evacuation and rescue used. As there are multiple flood risks from the sea, rivers and urban runoff, smart combinations of interlinked and integrated measures are planned. These are explained in more detail elsewhere in this journal [69] .
As well as providing appropriate protection from pluvial flooding to the most at-risk areas, Dordrecht wishes to improve the quality of its urban spaces and living by bringing nature and water 'close to the front doors' of houses, schools and businesses by better use of BGI in green streets and city parks, and in retention ponds and urban creeks in the city. Six urban parks are being targeted for remediation. The flooding typically occurs from prolonged rainfall events in winter, exceeding the infiltration capacity of the top layer of soil (river clay). During these events, the rainwater pools on the lawns and the planting areas of trees and shrubs. Here Sterrenburg Park is considered as an example of a pilot area designated for urban revitalization by maximizing the multiple benefits of using BGI at the same time as addressing the flood risks.
The Dutch TEEB.stad tool [64] has been used, which includes a range of benefits, not only for flood management. Benefit categories for human health, housing value, recreation and leisure, social cohesion and water management were included. Estimated benefits were e39 million over 30 years from the use of BGI, giving a benefit to cost ratio of 14. Of these benefits, e32 m (82% of the total) is for enhanced amenity (reflected in elevated property prices) and only 4% is for the pluvial flooding alleviation. These results helped formulate a new design for the park, created in collaboration with stakeholders (including entrepreneurs, professionals in healthcare, welfare, etc.) and local residents, which is providing multi-functional and multiple beneficial services. The park has been constructed as shown in figure 4 . Responsibilities for the scheme and its subsequent maintenance lie with the municipality, hence costs (and benefits to the community) are vested in the City.
(b) Clothworkers Wood, UK
Clothworkers Wood is in South East London in the Royal Borough of Greenwich (RBG). The area has been recurrently susceptible to flooding, which impacts on a school and on residents. During storms, the woodland may also be flooded due to children building dams/bridges in the stream. There is a culvert that regularly becomes blocked on the small watercourse illustrated in figure 5 . The informal dams made by children provided the idea to use NFM measures including a number of leaky dams and temporary ponds (see [71] , and electronic supplementary material, figure S2 ). In addition to flood risk reduction, multiple benefits were expected and B£ST [65] was used to assess the value of these. The overall (adjusted for confidence) benefit value was nearly £200 K over a period of 35 years, providing a benefit-cost ratio of 5. Of the benefits, flood risk impact reduction amounted to less than £20 K, i.e. around 10% of the benefit value. The largest benefits were to amenity (improved attractiveness of the area, reflected in increased property values) at £170 K, some 88% of the total. There were some disbenefits due to the impacts by modifying a natural woodland.
B£ST includes summaries that aggregate the benefits into both ecosystem services and capital accounts. These are for natural, social, financial, manufactured and human/intellectual) and costs (liabilities). The scheme provides the greatest contribution to social capital (93% of the total monetized benefit). This is from the amenity and flood risk reduction benefits. The complex nature of responsibilities for flood risk management and source of funding for this meant that the RBG, as Lead Local Flood Authority, were primarily charged with dealing with the problems. However, national funding came from flood defence grant-in-aid and the NFM pilot projects fund. Local funding was provided by the local levy and also the RBG. The majority of the scheme is on land owned by RBG, Education Department, and the remainder by a private individual, a property developer whose land is leased to a charity. Longer-term the maintenance is the responsibility of the RBG, but is expected to be carried out by the education charity leasing the land, but with RBG oversight. For this scheme, although the primary objective of flood risk reduction has been achieved, the proportion of economic benefits for this (10%) is dwarfed by the amenity benefits (88%). A significant proportion of the latter is for elevated property values, where benefits accrue 
(c) Roundhay Park, UK
Roundhay Park is in Yorkshire on the outskirts of the City of Leeds in the UK. The water utility, Yorkshire Water, needed to manage overflows from the combined sewer catchment into the local watercourses in order to protect the habitats of the White Clawed Crayfish. A typical neighbourhood street is shown in figure 6 . Various options were considered as listed in the electronic supplementary material and more than one version of B£ST has been used in the published results as the tool has been successively updated. Here, only the conventional approach-new underground storage tanks, and the maximum potential SuDS options-are considered, and although these individual options were analysed with the first and latest version of B£ST, respectively, the results have not changed materially between versions. The former uses grey infrastructure and provides the required protection to the watercourses. The SuDS option comprised retrofitting numerous BGI measures in both public and private spaces [66] . The SuDS option, however, provides many added benefits, with a total value (after confidence) of over £10 million over a period of 40 years, providing a benefit-cost ratio of 0.9. Of this, the largest benefit (of 51%) is for amenity, with 6% of the value for the water quality improvements and 37% for flood risk reduction benefits. In comparison, the grey option provides benefits of just over £0.5 million, which includes the reduced value from the negative impacts due to needing to pump and treat more wastewater from the additional amounts stored. The benefit-cost ratio is 0.2. The only benefit is for water quality improvements. However, the SuDS option is some three times more expensive than the grey option. There are also clear responsibilities mapped out for maintaining the tanks, whereas there would be a complex and disparate group of various land and property owners who would be responsible for the new SuDS. Although much of the maintenance responsibilities would fall on the municipality where the SuDS are on public land, ensuring that all of the SuDS were maintained and fully functional over the designed life of 80 years would be a major challenge. Given that the main benefits by the SuDS would be for amenity (reflected in elevated property prices), it is arguable that the property owners should welcome the opportunity to take responsibility.
(d) Lessons from these and other case studies using benefit valuation tools
Many case studies for which the benefits have been assessed using either B£ST or TEEB.stad show significant, if not dominant, benefits accruing to amenity-mainly reflected in property prices, from the use of BGI for water management. The CIRIA (Construction Industry Research and Information Association) website [72] provides five examples, including the two outlined in §4b and §4c. Two of the other cases (Killingworth and Longbenton, and Glasgow) show that the major benefits from using BGI are for flood risk reductions. Several case studies have shown major human health benefits, such as for Burpham Court [72] , which is a public housing example of constructed retrofit SuDS. The various estimates of the economic value of using various options for managing water, with the primary objective of alleviating flood risk, have demonstrated that, even where the primary objective is water-focused, many of the benefits from using BGI are not in the water domain, but in other areas relating, for example, to amenity and human health. For example, in a survey of 27 US cities' plans to deal with stormwater problems with green stormwater infrastructure, the overall benefits were found to include significant value to amenity, human health and habitats [58] .
Realizing these consequential (non-water-related) benefits, many of which accrue to individuals or households [67] , is not straightforward, nor is it clear who should pay to realize these benefits. Benefits and beneficiaries will also depend on scale and type of scheme (e.g. local or catchment), and the proximity of the benefits, which diminish with distance away from the intervention [15] . There is thus a challenge here, in the move from using mono-functioning grey infrastructure to multi-functional BGI, as the addition of many more beneficiaries, stakeholders and not traditionally interested parties, such as health authorities in sharing in the outcomes, requires new forms of engagement and partnerships (e.g. [10, 21] ). The surface-based nature of most BGI also makes the utilization of land and the longer-term use of this more challenging. There is complexity regarding longer-term potentially changing drivers, including flood risk ( §1), but also because of the uncertainty regarding future responsibilities for a scheme and future performance, with possibly the need to modify or adapt the BGI during its lifetime [66] . The performance may benefit more or less one or more groups of stakeholders in the future and responsibilities may change from one group to another. Such challenges make it more difficult for decision-makers to decide on which option is the right one for a particular scheme today and how to apportion costs, taking into account who benefits both now and in the future.
The various plans and case studies referred to here have used a variety of methods and tools in analysis and most of the valuation tools so far developed to assess the value of green or BGI provide little information about the assessment of uncertainty [67] . B£ST users are warned that the results are indicative only and that the in-built sensitivity testing facility which the tool provides should be used. B£ST provides guidance on the uncertainties in the analysis and the means to consider the future by undertaking scenario planning when considering schemes [66] , focused on the robustness of options and their potential for adaptation. This facility follows the standard approach used in England and Wales for evaluation of the likelihood that flood and coastal erosion risk management options can cope with future changes by adapting [73] . Detailed flexibility or adaptive capacity analysis, as for flood and coastal erosion risk management schemes, may require too costly an analysis for a modest BGI scheme (but see [56] ). Therefore, B£ST provides some indication of the flexibility of an option using an indicator score of the relative distribution of benefits in the medium to longer term. The more homogeneous the distribution of benefits, the more likelihood that an option will continue to provide value in the (uncertain) future [74] . Using a 6-point scale of A to F (more flexible to least), the BGI options described in §4b and §4c had scores of F and D, respectively. This indicates that for the NFM used in Clothworkers Wood, there is one dominant benefit, which may be more or less important in the future compared with other benefits that may be seen to be more important by then. Whereas the SuDS for Roundhay Park provides several benefits, so that if one or more of these become more or less important in future (i.e. not the water quality), the required service will still be provided. Scenario analysis for the Roundhay Park SuDS showed little sensitivity to future change as regards the dominant benefit categories other than for amenity, which was a one-off benefit in the first time period analysed [67] .
Engaging the range of stakeholders needed to ensure that the new vision for managing water comes about is challenging, particularly where their behaviour, responsibilities or personal property or neighbourhood has to be changed [75] . There will be a need for more personal engagement by not only property dwellers, but also a broader group of stakeholders than for the traditional approach to drainage. At a public level, although badging behaviour and attitude changes using 'environment' or 'ecology' can be successful, people expect to be completely safe from flooding. Human perspectives on BGI, 'drainage' and what constitutes 'flooding' need to be better informed if future flood risk management is to be achievable and affordable. CIRIA's 'design for exceedance' initiatives set out the need to occasionally accept water on surfaces not normally covered' [50] ; i.e. there needs to be a better understanding by people of the need to live with what they perceive to be flooding [33] . Public information stating that a significant storm event represented 'one month's rainfall' is unhelpful, given that climate change makes past rainfall statistics no longer representative. Similarly, reports in the UK and others that 'It is estimated that around 5.3 million properties are at risk of flooding in the UK' [76] ignore the reality that rain falls everywhere and every property is at some risk, especially as property drainage is usually built for relatively low-risk events. As stated above, there is also a need to ensure that designers and other professionals understand the new paradigm and need to take an entirely different approach to selling the concepts to both decision-makers and the public when using BGI for 'drainage' [77] .
Sustainability
Integrated flood risk and water management that provides a safe, secure and sustainable living for humans and ecosystems is an ideal. Changing drivers and recipients mean that flood risks are increasing in most areas and no one is entirely safe from risk. Keeping pace with the changes, even to maintain current risk levels, is unaffordable using traditional approaches [1, 14, 31] . However, recent ideas for turning problems into opportunities and for multi-use infrastructure are now beginning to bear fruit, with nature-based infrastructure being implemented in many places [53, 78] . Nature-based BGI systems are inherently more resilient to climate change impacts than grey infrastructure [74] , and more readily adaptable to changing circumstances [53] . Evolution, as an example, illustrates how natural systems can autonomously adapt to changing circumstances, given time. To be really effective, these man-made natural system approaches require integration across the water cycle and also with other systems and services if they are to fully realize their effectiveness value. This is expected to bring about more sustainable outcomes, better able to cope with the uncertainties of the future.
There are risks with the emerging approach, potentially of greater significance than when using traditional water management infrastructure. The utilization of nature-based systems, for example, is a new concept and there is a need for more knowledge about the performance and effectiveness in regard to hydro-meteorological hazards [53] . The risks relate to inter alia: (i) selection of the best combinations of green, blue and grey infrastructure in a given context (e.g. [79] ); (ii) how to make multi-objective decisions to maximize the benefits from BGI [20] ; (iii) uncertainty about requirements for longer-term maintenance, functioning and on-going responsibilities [79] ; (iv) understanding the business case and value from BGI for a wide range of stakeholder groups [53] ; (v) effecting and getting the right transition from the traditional systems to those that will be more sustainable in future [80] .
Increasingly, the driver for utilizing nature-based infrastructure such as SuDS is monetization (e.g. [81] ), despite the great uncertainty in current estimates [67] . Costs have always been a primary consideration for selecting infrastructure options, but with the new paradigm of valuing nature, together with better tools, the economic value of using nature can also be assessed and weighed against the costs of a scheme. The environmental and social aspects of sustainability assessment are now rolled into this valuation, and decision-making essentially based on the wider economic return of a proposal.
While this is an approach that decision-makers are both familiar and comfortable with, it does raise other issues, notably about the need to largely reduce costs and benefits to single metrics, placing nature and society into the 'economic' box of the triple bottom line used in sustainability assessment. This focus on (neoliberal) economics, financialization or materialism [60, 37] , owing much to Adam Smith's Wealth of Nations [82] , can conflict with Smith's largely overlooked parallel work on how to make decisions that are in the best interests of society: The Theory of Moral Sentiments [83] . Decisions are still made largely on the grounds of lowest costs and, less frequently, on the highest net present value (NPV), rather than what provides the greatest utility or is the fairest for society, although there are BGI plans that target the most deprived urban areas (e.g. [84] ). The money focus skews how decision-makers approach the selection of the option of what is most equitable for society [85] . Managing urban drainage systems should maximize societal utility, which may not necessarily be the cheapest or highest NPV solution [86] .
A recent exposition of human development in Sapiens describes how the creation and sustaining of shared myths has facilitated humanity's civilizing journey [87] . An accompanying paper [11] uses an equivalent term 'ways of knowing' and explains the power these terms can hold. It is suggested they provide the dominant narrative and hence prevailing approach to dealing with challenges and opportunities. Sustainability, as a concept, paradigm or way of framing thinking/knowing and hence as an approach to a domain of endeavour, is an example of a shared myth or way of knowing that has had traction since the latter part of the twentieth century. The three pillars of sustainability were intended to be equitable and have equal weighting [30] . Although there is evidence of some striving for sustainability in the water domain, much of this is paying lip-service to the concept, including when using the term SuDS as an assumption that this will invariably provide a more sustainable outcome. The attempt to define and ensure that schemes are as sustainable as possible has been displaced by a more limited striving for 'resilience' (e.g. [88]), and new shared myths like resilience now prevail, influencing how water is seen and managed, still as a commodity provided to 'customers' rather than a public right in England [89] . This is as part of a financialized system aimed at maximizing 'rental income' from the use of the assets provided and operated by the privatized water utilities [37] .
Sustainability is nonetheless still talked about and used in documents, policies and even academic papers, often without definition. The term is used in the definition of SuDS, in England and Wales in Schedule 3 of the Flood and Water Management Act 2010. SuDS are presumed to automatically be somehow 'sustainable' even without evidence, whereas traditional piped (grey) systems are presumed unsustainable, again usually without evidence. Few attempts have been published to show how SuDS or their equivalent are any more or less sustainable than alternative options (with some exceptions, [47] ). Even within the nature-based infrastructure domain there are shared myths. For example, in England Defra is willing to finance NFM pilot projects, without evidence as to their effectiveness or value for money, as none of the published cases used as evidence has an economic appraisal [71] . This is in contrast with SuDS, for which the evidence for performance and benefit value is much stronger [65] . Nevertheless, Defra and others share the myth that NFM needs to be funded, whereas SuDS are deemed less important and therefore in England do not merit the full Commencement of Schedule 3 of the Flood and Water Management Act 2010.
Having attempted unsuccessfully to define what sustainability means in practice, those responsible for policies and practices for water management have moved on to simpler terms that are more tractable, including resilience, multi-functional green-blue infrastructure, NBS and others. This is illustrated by the way in which the water industry economic regulator for England and Wales (OFWAT) confuses resilience and sustainability as if these are separate attributes, rather than understanding that resilience is a fundamental component of sustainability [88] . The problems of defining and how to aim for sustainability are not confined to regulations, but encompass the entire water domain and linkages beyond. This includes the actors, especially how local people need to play their part in shifting from a less sustainable infrastructure provision, which in the main is invisible to them as it is below ground and provided by a utility, to one in which they may need to share responsibility if they really wish to provide infrastructure that is more sustainable. This is illustrated by the on-going Tideway Tunnel construction in London, where the use of traditional grey infrastructure is going to lock-in Londoners to an unsustainable asset to deal with too much rainfall for at least a century (e.g. [37] ). Whereas, the parallel implementation of, also unsustainable, desalination plants to serve London's water shortages, due to too little rainfall, represent an important and costly failure to join up the water cycle. Many other cities, with similar problems to London, have taken the nature-based infrastructure approach [90] instead of buried piped solutions. This may change in future as Water UK [91] has set out guidance as to which types of BGI may be adopted in urban areas (become the responsibility of the sewerage undertaker) together with the use of piped systems as part of the general responsibilities for effectually draining an area, but it is too late for London.
The unsustainable option selected for London is largely as a consequence of the fragmented governance and institutional arrangements for water management and also the dispersed responsibilities for other systems, services and utilities [37, 92] . By contrast, the Mayor of Philadelphia is responsible for the wide range of services in the City, hence the nature-based approach being used there to manage urban runoff brings clear multiple benefits as well as responsibilities to the Mayor's office [9] . Getting hundreds if not thousands of Londoners to engage in the alternative NBS to London's water problems, requiring the re-writing of numerous regulations and shifting of responsibilities, would under the current institutional and governance arrangements be an impossible task.
Conclusion
The story of sustainability, a shared human 'myth', and how it has now been superseded by economic expediency, another myth, has been a thread used here to illustrate how a new approach to flood risk management has been created around the valuation of environmental and social benefits. The emergence of tools to assign economic value to the multiple benefits that nature-based water management infrastructure can provide has, for many decision-makers, been a major advance in assessment for supporting how decisions are being made, confirming the monetization (or financialization) paradigm. Economic assessment (albeit beginning to encompass wider factors) has now effectively displaced the problematic sustainability assessment. Although an aspiration, especially as expressed globally in the Sustainable Development Goals, the economic leg of the sustainability triple bottom line has virtually entirely assimilated the environmental and social legs.
Simpler and subordinate concepts such as resistance, resilience and adaptability are now being used to assess how best to provide water infrastructure that will be able to cope with the many future changing drivers. New approaches are beginning to link the new economic valuation tools with spatial planning for targeting BGI implementation (e.g. [18, 93] about 'valuing nature', the explicit assessment of the economic value of nature-based systems as a contributor to inter alia human health, amenity and ecology, over and above the water management functions, is forcing decision-makers to reappraise how they consider which option should be selected for water management to bring the greatest value for society.
Alongside this shift to monetize the value of nature, there has been a parallel shift in the flood risk management domain from preferencing engineer-led (grey) piped drainage systems to infrastructure that is more nature-based [53] . This paper has considered the BGI components of nature-based systems and so-called SuDS. Implicitly there is an assumption that SuDS, BGI or NBS are going to be and also deliver more sustainable outcomes. Evidence suggests that nature-based systems are likely to be more flexible, resilient and able to autonomously adapt to changing drivers than grey infrastructure [53] . Hence there is a valid argument that these must be more sustainable. However, there are problems in this assumption. The first is that the rate of change of the current drivers like climate is rapid so that natural systems may not be able to adapt sufficiently quickly. The second problem is that the assumption presumes that the triple components of sustainability can be defined entirely in terms of monetized natural systems. More sustainability assessments of nature-based systems are needed to define under what circumstances they are the most sustainable option.
The third problem is that there are added risks when using natural or BGI systems over and above the risks attendant in using the traditional grey systems that have been tried and tested over centuries. The added system complexity of BGI, greater numbers of interested and affected stakeholders and requirements for multi-functionality from nature to deliver the multiple societal benefits expected from BGI systems, means that the risks of inadequate performance are multiplied many times when compared with mono-functioning piped systems. Nevertheless, recognition that grey infrastructure is unlikely to be affordable to face the challenges ahead means that ways must be found to ensure that nature-based and BGI systems, used appropriately together with grey infrastructure, in hybrids [53] , will deliver what is needed.
One of the greatest impediments in the way of society for maximizing value from future decisions about water management is the way in which the water domain is governed and the nature of the institutions in place which regulate and deliver these and other linked services (e.g. [93] ). Major shifts in practice, implementing significant innovations, cannot be achieved with governance systems locked-in to traditional 'we know it works' thinking. Abetted by professionals averse to the risks attendant on innovation and reluctant to work with other professions or engage with communities, the shift required to make water management an opportunity rather than seen as a risky problem is not happening in many places (e.g. [94, 95] ). For humanity's security and welfare, the shift from the perspective (or myth) that water is a problem to be managed to one that sees all forms of water as opportunities and aligns with the circular economy is essential (e.g. [96] ). There are signs in many parts of the world and even in specific jurisdictions, where this shift is playing out, in places like Philadelphia, USA or in Greener Grangetown in Cardiff, Wales [97] , where there were seemingly impossible barriers, including inappropriate regulations. Everywhere the barriers to change must be identified and taken down or ignored and bypassed if necessary, taking inspiration from what has been achieved in these leading UK examples, and the revolution achieved in water management in Australia over the past two decades.
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